Ternary complexes can be classified into two major categories: a mixed-ligand complex type and an ion-association complex type. The modes of formation of both types of ternary complex, together with improvements in sensitivity and selectivity which accompany their formation, have been extensively discussed [1] [2] [3] [4] [5] in the field of inorganic analysis.
Ternary complexes can be classified into two major categories: a mixed-ligand complex type and an ion-association complex type. The modes of formation of both types of ternary complex, together with improvements in sensitivity and selectivity which accompany their formation, have been extensively discussed [1] [2] [3] [4] [5] in the field of inorganic analysis.
In one of the methods to increase the determination sensitivity of organic compounds, the binary ion-pair complex formation between an organic dye and an organic compound has often been used. [6] [7] [8] The method is complicated since it requires an extraction procedure due to the formation of water-insoluble complexes. And the addition of a surfactant or water-miscible organic solvent to avoid to any extraction procedure usually causes decomposition of the ion-pair complex formed, and the organic compound cannot be determined any longer.
We have already reported [9] [10] [11] some simple and sensitive spectrophotometric methods for the determination of organic compounds by utilizing the ion-association complex formation among an organic compound, an organic dye, and a metal ion.
Quinolone antibiotics [12] [13] [14] have recently attracted much interest, because they exhibit broad-spectrum bactericidal activity, excellent oral bioavalability, good tissue penetration and favorable safety and tolerability profiles. As all quinolone types 15 with antibacterial activity have 4-quinolone nucleus with a nitrogen at position 1, a carboxyl group at position 3, and a ketone at position 4, absorption of orally administered quinolones is significantly decreased when these agents are coadministered with aluminum, magnesium, calcium, iron or zinc, because of the formation [16] [17] [18] [19] of insoluble drug cationic chelate compounds in the gastrointestinal tract. Methods for analyzing quinolones include spectrophotometery, [20] [21] [22] fluorometry, 23, 24 chromatography, [25] [26] [27] [28] [29] electrophoresis, 30,31 and electroanalysis. [32] [33] [34] On the other hand, quinolone antibiotics complexation with aluminum(III), magnesium(II) and calcium(II) have been studied by spectrophotometry. 35, 36 We noticed that an addition of acidic xanthene dyes such as erythrosin (ERY) in the reaction between a quinolone antibiotic and aluminum(III) showed a red shift as compared with that of the ERY-aluminum(III) solution, and that the magnitude of the increase in absorbance of the ERY-aluminum(III) solution was proportional to the concentration of a quinolone antibiotic. A method using ERY-aluminum(III) solution offers the advantages of greater sensitivity as compared with the conventional spectrophotometric methods. 20, 21 In this work, a color reaction of quinolones by utilizing an ion-association complex formation among a quinolone, a metal ion and an organic dye was studied in aqueous media, and then suitable conditions for the spectrophotometric determination of quinolones by using aluminum(III) and ERY were established. The proposed method was applied to the assays of these drugs in pharmaceutical preparations.
Experimental
Reagents, solutions and apparatus Reagents and solutions. Ofloxicin (OFX) and other quinolone antibiotics (norfloxacin, enoxacin and levoxacin), analyticalgrade reagents, were purchased from Sigma-Aldrich Co., and used without further purification. The stock solutions (1.0 ¥ 10 -2 mol L -1 ) of quinolones were prepared by dissolving appropriate quantities of each quinolone in small amounts of 1 mol L -1 sodium hydroxide solution and were diluting to 100 ml with water. The working solutions were made by diluting these stock solutions as required. These solutions were stored in a cool (4˚C) and dark place. A simple and sensitive spectrophotometric method for the determination of quinolone antibiotics was established based on an association complex formation with aluminum(III) and erythrosin. In the determination of ofloxacin as a quinolone antibiotic, Beer's law is obeyed in the range of 0.1 -3.2 mg ml -1 , with an effective molar absorptivity at 555 nm and the relative standard deviation being 1.2 ¥ 10 5 L mol -1 cm -1 and 0.9% (n = 6). This method was successfully applied to the assay of quinolone antibiotics in pharmaceutical preparations. used without further purification. Pure water was prepared by purifying deionized water with a Milli-Q Labo system just before use. Apparatus. A Shimadzu spectrophotometer (Model UV-160) with 1.0-cm matched silica cells was used for an absorbance measurements. The pH measurements were made with a Horiba (F-51) pH meter in combination with a calomel glass electrode.
Standard procedure for the determination of quinolones
An aliquot of each quinolone solution was transferred to a 10-ml volumetric flask. To this solution, 1.0 ml of a 4.0 ¥ 10 -3 mol L -1 aluminum(III) solution, 2.0 ml of the buffer solution, and 1.0 ml of a 1.0 ¥ 10 -3 mol L -1 ERY solution were added. The mixture was diluted to 10 ml with water, transferred into a test tube, mixed well and kept at room temperature for 20 min. The absorbance of the resultant solution (Solution A) was measured at 555 nm against a reagent blank solution (Solution B) prepared in the same way.
Results and Discussion

Choice of metal ion and dye
In order to examine the utility of the method for the determination of quinolones based on ternary complex formation among a quinolone, a dye and a metal, we studied the color reactions between various metal ions and xanthene dyes by comparing the situations in the presence of OFX as a quinolone. First, the effect of metal ions on the reaction system was investigated. Only aluminum(III) was effective among various metal ions; aluminum(III), iron(III), zinc(II), copper(II), zinc(II), nickel(II), magnesium(II) and calcium(II). The reason why only aluminum(III) is effective is probably that the stability constant 37 of the OFX-aluminum(III) complex is large. Next, the xanthene dyes were studied by using ERY, eosin Y, eosin B, methyleosin, ethyleosin, phloxine B and 2,4,5,7-tetrachlorofluoresein. ERY was best in sensitivity, as is shown in Table 1 .
Optimization of reaction variables
The effect of the pH on the reaction was examined by using various buffer solutions, such as 0. The same effect of absorbance value was obtained even when the order of the addition of the reagents was varied. The absorbance of Solution A against Solution B was immediately stabilized, and the absorbance value was almost constant for at least 24 h at room temperature. Therefore, 20 min of standing time at room temperature was adopted for all measurements. Figure 1 shows the absorption spectra of Solutions A and B under the standard procedure.
Calibration curves
A calibration curve for OFX was constructed by the standard procedure. A good linear relationship was observed over 0.1 -3.2 mg ml -1 of OFX. The effective molar absorptivity (e) was calculated from the slope of the calibration graph to be 1. . This procedure is much more sensitive than the methods using bromophenol blue 21 (e = 1.1 ¥ 10 4 ), bromothymol blue 21 (e = 2.0 ¥ 10 4 ) and supracene violet 3B 20 (e = 1.1 ¥ 10 4 ). The relative standard deviation (RSD) for six runs of 1.8 mg ml -1 of OFX was 0.9%. The calibration curves were also constructed for the optimum conditions for other quinonole and tetracycline antibiotics: nolfloxacin, enoxacin, levofloxacin, tetracycline, minocyclone and doxcycline. The analytical data, e.g., the effective molar absorptivity (e), the linear range (mg ml -1 ), the correlation coefficient (r), and RSD for these antibiotics are presented in Table 3 .
Interference of foreign substances
Various amounts of foreign substances were added to a fixed amount of OFX (1.8 mg ml -1 ). There was no interference under the following conditions: 50-to 100-fold molar ratios of sodium, potassium, ammonium, calcium(II), magnesium(II), zinc(II), copper(II), manganese(II), chloride, nitrate, sulfate, glucose, caffeine, glycine, ascorbic acid and urea; 2-to 5-fold molar ratios of phosphate, citric acid, oxalic acid, thiamine and pyridoxine; thiamine and pyridoxine as organic bases reacted with ERY to form colored complexes. Iron(III) and fluoride ions interfered in equimolar ratio of OFX; as fluoride ion belongs to the hard bases, a stable complex might form with aluminum(III) as a hard acid. The results are summarized in Table 4 .
Application
The proposed method was applied to the determination of OFX and other quinolones in tablets. The contents of the tablets were accurately weighed and ground in a mortar to a fine powder. The requisite volume of powder was weighed, transferred into a 100-ml volumetric flask, diluted to the mark with water and filtered. An appropriate amount of the sample solution was taken and determined according to the standard procedure. Satisfactory results were obtained for three drugs. Moreover, to check the validity of the proposed method, we applied the standard addition method by adding OFX, levofloxacin and nolfloxacin to the previously analyzed tablets. The recovery of each drug was calculated by comparing the concentration obtained from the spiked mixtures with those of pure drugs, and the recoveries of added quantity were found to be more than 98%. This indicates that the proposed method gives accurate results. These results are given in Table 5 .
Study of composition of the colored complex
In order to clarify the reaction mechanism, we measured the absorption spectra of ERY, Al(III)-ERY, OFX-ERY, OFX, OFXAl(III) solutions. As a result, the three absorption spectra of ERY, Al(III)-ERY and OFX-ERY solutions completely agreed with each other, but the absorption spectrum of OFX-Al(III) solution differed from that of OFX solution, as shown in Fig. 2 . . In addition, as the amount of methanol or ethanol was increased, the color development of Solution A decreased. From these results, we deduced that the colored ternary complex formed in this reaction system was an ion-association complex between {Al III (OFX)}cation and (ERY) anion.
In conclusion, a simple and sensitive spectrophotometric method for quinolone antibiotics such as OFX was established based on an association complex formation with aluminum(III) and ERY. This method was applicable to the measurement of OFX and other quinolone antibiotics in pharmaceutical preparations (tablet). The sensitivity (e = 1.2 ¥ 10 5 L mol -1 cm -1 ) of OFX by the proposed method was more sensitive than those of other spectrophotometric methods. 20, 21 In addition, there was a remarkable improvement in the influences of foreign substances. The present method, owing to no need for solvent extraction, was applied to assays of quinolone antibiotics in pharmaceutical preparations with satisfactory results. Though further investigations are necessary to confirm the application of this method to a variety of samples, including application to HPLC, the developed procedure is suitable for the routine analysis of quinolone antibiotics in real samples. 
